P
rogressive angular deformity at the knee in childhood because of Blount disease is a well-known phenomenon with mechanical factors, such as early walking, thought to contribute to the etiology. 1Y5 Blount disease in the juvenile and adolescent age group is often related to obesity and increasing in incidence compared with the infantile form. 6Y8 The etiology of adolescent Blount disease has been characterized as resulting from mechanical disruption of normal enchondral growth at the medial tibial physis in individuals undergoing rapid growth and weight gain during adolescence. 6, 7 A femoral component to the deformity has also been described in Blount disease (femoral Blount disease). 9, 10 These various forms of Blount disease all result in progressive varus deformity. Growth abnormalities resulting in progressive knee valgus is much less common. A severe form of physiological genu valgum is the most common but does not usually require surgical intervention. 11 Known pathological causes include fracture (especially of the proximal tibia), 12, 13 bone tumors, irradiation, and certain hereditary conditions. 1 We recently cared for 2 girls in whom the parents noted a relatively rapid progression of knock-kneed deformity (genu valgum) without a history of injury or prior medical disorder. Imaging studies demonstrated an unusual disturbance of lateral distal femoral physeal growth. We are not aware of prior reports of spontaneous arrest of the distal femoral physis as a cause of progressive valgus deformity. This article presents the history, clinical findings, imaging studies, results of surgical treatment, and speculation regarding etiology of this unusual condition.
DESCRIPTION OF CASES

Case 1
This 11-year-old girl presented to our clinic for evaluation of a knock-kneed deformity at Children's HospitalYSan Diego (Fig. 1) . She was previously healthy, but her mother stated that during the previous several months, her left knee caused pain with activity and appeared more deformed (knock-kneed). They reported no history of trauma or any major illnesses, and she was previously physically active. She had no known medical conditions or syndromes.
On physical examination, the patient was 163 cm in height and 72.3 kg in weight. Her body mass index (BMI) was 27.1, which fell in the overweight classification (overweight, 25Y29.9; obese, 30Y39.9; morbidly obese, Q40). We noted bilateral increased genu valgum, greater on the left than the right, with an intermalleolar distance of 21 cm.
Anteroposterior and lateral radiographs of the knees as well as a long-standing alignment film showed an irregular lateral distal femoral physis with an open tibial physis bilaterally. We noted approximately 23 degrees of valgus on the left and 12 degrees of valgus on the right (Fig. 1) . Scanograms also showed a shortened left leg with a 2.7-cm right greater than left leg length inequality (1.7 cm at the femur, 1.0 cm at the tibia). The knee portion of the scanogram suggests a pathological process involving the lateral distal femoral physis (Fig. 2) .
A magnetic resonance imaging (MRI) study of the left knee revealed a focal (11.6-mm diameter) physeal bar involving the posterior one third of the distal lateral femoral physis ( An MRI study of the right knee demonstrated distinct abnormalities in the distal lateral femoral physis (Fig. 4) in a comparable location to the physeal bar seen on the left. A physeal projection ( peg) had migrated proximally into the metaphysis by about 10 mm. This represented an incomplete physeal bar, resulting in focal growth suppression and genu valgum. The left knee likely had this finding earlier in the evolution of the now complete physeal closure.
Treatment
To correct the deformity of the left knee, a distal femoral varus osteotomy, completion of distal femoral physeal closure, and partial discoid meniscus excision were performed. The less angulated right side was treated with medial distal femoral hemiepiphysiodesis and proximal tibial epiphysiodesis to improve the limb length inequality. Radiographic imaging at follow-up revealed a well-healed distal femoral osteotomy on the left, with the bilateral genu valgum also well corrected (Fig. 5) . The implants used to fix the osteotomies were subsequently removed because of discomfort reported by the patient. Final follow-up films taken 2 years after surgery show excellent limb alignment. The patient had no symptoms.
Case 2
This 11-year-old girl presented for evaluation of bilateral genu valgum at the University of Zurich (Balgrist) clinic. She was in the overweight BMI classification, with a BMI of 27.7 (height, 172 cm; weight, 80 kg), and presented with rapidly developing genu valgum, left greater than right. Magnetic resonance imaging revealed spontaneous closure of the lateral portion of the distal femoral physis bilaterally in the same manner as in the first case. Treatment in this case also consisted of medial epiphysiodesis plus corrective osteotomy of both knees. At 10-year follow-up, the limbs remained well aligned, and the patient had no symptoms.
DISCUSSION
Adolescent Blount disease has been described as tibia vara resulting from disordered growth of the proximal medial tibial physis and metaphysis caused by mechanical factors. The cause of the genu varum has long been thought to be based on the Heuter-Volkmann principle that excessive compressive forces can lead to suppression and/or arrest of physeal growth in predisposed individuals. 14Y18 Applying this same principle, it can be assumed that arrest of growth in the lateral distal femoral physis may also be related to increased compressive forces in an overweight adolescent, leading to progressive genu valgum. In addition, similar to adolescent Blount disease, there are both side-to-side asymmetry in the deformity and leg length inequalities in both patients, although there is an equal distribution of weight on each leg.
In this report, both patients were noted to be overweight girls with BMI scores between 25 and 29.9, a body habitus that falls only into the overweight classification. Previous studies have shown that in individuals with BMI greater than 40 (morbidly obese), there is a significantly increased correlation with Blount disease, but that in patients with BMI less than 40, there was no clear linear correlation between BMI and mechanical axis deviation. normal weight group. It can further be postulated that in morbidly obese patients, there are greater stresses at the proximal medial tibial physis caused by a more centralized distribution of weight. Females have a normally greater genu valgum as compared with males (usually 3Y4 degrees greater) and also have greater laxity of knee ligaments. 19Y22 The girls in the current report were thought to be moderately obese and to have normal (for females) knee alignment before the onset of their condition. Obesity, the normal degree of female genu valgum, and joint laxity all could predispose the lateral distal femoral physis to greater compressive forces, especially if somewhat obese females participate in physical education or sports.
In addition to these mechanical influences, there is likely a genetic contribution to the etiology (physis that is sensitive to compressive forces), but this may be difficult to prove as the multifactorial etiology of Blount disease remains obscure. Further investigation of this newly reported disorder (spontaneous onset of genu valgum) will be needed to substantiate any present hypotheses.
The origin of the imaging abnormalities noted both in the plain films and in the MRI remains problematic. The focal nature of the physeal disruption, with dragging of the growth cartilage into the metaphysis, is an unusual pattern, but to some extent reflects the histological studies done by Wenger et al 6 in the proximal tibial physis in adolescent Blount disease. Perhaps obesity and/or microtrauma contributes to focal disruption.
The response of the distal femoral physis to trauma (fracture) deserves analysis. It is known that the distal femoral physis is highly irregular, with normal peglike variations in shape that contribute to mechanical stability, resisting shear injury and fracture. 23 However, once fracture does occur, this geometry puts the physis at high risk for closure.
It is possible that the peglike projections noted in our study patients represent microtrauma to one of these natural undulations, which then hypertrophy and advance into the metaphysis with subsequent physeal growth suppression. As of yet, no biopsy studies of this phenomenon have been performed.
The different MRI appearance of the right versus left knee in this patient may further suggest a chronological sequence. The pattern seen on the right knee (Fig. 4) likely represents early physeal abnormality with only mild valgus deformity (similar to what is seen in adolescent Blount disease). The more severe but less demarcated changes, as noted on the left (Fig. 3) , likely reflect a later stage of the disease, with physeal closure obscuring the detail that was noted in the lesion on the right knee.
Although we can only hypothesize as to the etiology of this deformity, appreciation of known treatment methods provided guidance for treatment that led to a satisfactory outcome in both of our patients. Because further physeal growth after osteotomy could not be predicted, epiphysiodesis was performed at the same time of the osteotomy to avoid this risk. The treatment principles of epiphysiodesis and wedge osteotomies have long been used for Blount disease as well as for other growth plate abnormalities. 5, 18, 24, 25 At their most recent follow-up (2 years, San Diego; 10 years, Zurich), both patients are asymptomatic with well-aligned lower limbs. As in much of orthopaedics, the application of wellconceptualized principles can produce excellent results, FIGURE 5 . Long-standing anteroposterior view of the lower extremities of patient 1 taken 2 years after corrective surgery to realign the limbs and to stabilize the physes.
